588-Pos Board B388 Transient Receptor Potential Melastatin 3 Channel Joris Vriens, Thomas Voets. Transient receptor potential (TRP) channels are a large family of ion channel proteins, that are activated and regulated through strikingly diverse mechanisms, making them suitable candidates for cellular sensors. TRPM3 is based on sequence homology most closely related to TRPM1. TRPM3 is alternatively spliced; TRPM3a1 and TRPM3a2, which differ only in the presumed pore region, show significant differences in their channel properties: TRPM3a1 channels are poorly permeable to divalent cations, whereas TRPM3a2 channels conduct Ca2þ and Mg2þ (1). TRPM3, in casu TRPM3a2 (1), is most prominent in kidney, brain, pancreatic b cells and pituitary. The channel exhibits outwardly rectifying currents and is rapidly and reversibly activated by the steroid hormone pregnenolone sulfate. Pregnenolone sulphate could augment glucose-induced insulin secretion from pancreatic islets by activating TRPM3 (2). However, the function of TRPM3 is poorly characterized, probably because of the existence of multiple variants with different properties. In our research study we identified some new unexpected properties of the channel. Ethanol is a chemical irritant that generates a ''burning'' sensation; the heat-sensitive TRPV1 ion channel is the receptor of another chemical irritant capsaicin. It has been shown that the capsaicin response of TRPV1 can be significantly potentiated by ethanol. However, the molecular mechanism of this potentiation remains largely elusive. To address this question, we employ a combination of functional, mutational, and site-directed fluorescence approaches. By patch-clamp recording, we observed that besides TRPV1, ethanol potentiates ligand activation of heat-sensitive TRPV2, TRPV3 and TRPV4, while the activities of cold-sensitive TRPM8 are negatively modulated. The opposite effects on heat-and cold-sensitive channels indicate a general mechanism for ethanol action and the possibility that ethanol interacts with the temperature-activation pathway. Consistent with this idea, the take-off temperature of TRPV1 heat activation is significantly lowered (** indicates P < 0.01) from 37.6 5 0.3oC (n = 8) to 24.6 5 0.5oC (n = 7) in the presence of 3% extracellular ethanol, as shown in the figure.
Transient receptor potential (TRP) channels are a large family of ion channel proteins, that are activated and regulated through strikingly diverse mechanisms, making them suitable candidates for cellular sensors. TRPM3 is based on sequence homology most closely related to TRPM1. TRPM3 is alternatively spliced; TRPM3a1 and TRPM3a2, which differ only in the presumed pore region, show significant differences in their channel properties: TRPM3a1 channels are poorly permeable to divalent cations, whereas TRPM3a2 channels conduct Ca2þ and Mg2þ (1). TRPM3, in casu TRPM3a2 (1), is most prominent in kidney, brain, pancreatic b cells and pituitary. The channel exhibits outwardly rectifying currents and is rapidly and reversibly activated by the steroid hormone pregnenolone sulfate. Pregnenolone sulphate could augment glucose-induced insulin secretion from pancreatic islets by activating TRPM3 (2). However, the function of TRPM3 is poorly characterized, probably because of the existence of multiple variants with different properties. In our research study we identified some new unexpected properties of the channel. 
589-Pos Board B389 Extracellular Ethanol Modulates Thermotrp Channels
Fan Yang, Xu Cao, Yuanyuan Cui, KeWei Wang, Jie Zheng. Ethanol is a chemical irritant that generates a ''burning'' sensation; the heat-sensitive TRPV1 ion channel is the receptor of another chemical irritant capsaicin. It has been shown that the capsaicin response of TRPV1 can be significantly potentiated by ethanol. However, the molecular mechanism of this potentiation remains largely elusive. To address this question, we employ a combination of functional, mutational, and site-directed fluorescence approaches. By patch-clamp recording, we observed that besides TRPV1, ethanol potentiates ligand activation of heat-sensitive TRPV2, TRPV3 and TRPV4, while the activities of cold-sensitive TRPM8 are negatively modulated. The opposite effects on heat-and cold-sensitive channels indicate a general mechanism for ethanol action and the possibility that ethanol interacts with the temperature-activation pathway. Consistent with this idea, the take-off temperature of TRPV1 heat activation is significantly lowered (** indicates P < 0.01) from 37.6 5 0.3oC (n = 8) to 24.6 5 0.5oC (n = 7) in the presence of 3% extracellular ethanol, as shown in the figure.
590-Pos Board B390
The Role of Phosphoinositides in the Desensitization of TRPM8 Currents Yevgen Yudin, Viktor Lukacs, Tibor Rohacs. The Transient Receptor Potential Melastatin 8 (TRPM8) ion channel is a major sensor of environmental cold temperatures and requires the presence of phosphatidylinositol 4,5-bisphosphate (PIP2) for activity. In the presence of extracellular Ca2þ TRPM8 currents diminish in response to repeated applications of menthol and cold. This phenomenon is called desensitization or adaptation. We and others have shown that Ca2þ influx through TRPM8 activates a Ca2þ sensitive phospholipase C (PLC) isoform, leading to depletion of PIP2. Here we show that co-expression of any of the three PLCd isoforms but not PLCb or g accelerated Ca2þ-induced inhibition of TRPM8. Depletion of PIP2 as well as activation of protein kinase C (PKC) downstream of PLC activation both have been proposed to underlie Ca2þ dependent desensitization of TRPM8. Here we show that desensitization is accelerated by omission of MgATP from the patch pipette in patch-clamp experiments. Furthermore, inclusion of PIP2, but not its precursor PIP into the patch pipette inhibited menthol-induced desensitization. To demonstrate that depletion of PIP2, without activation of PLC, is sufficient to inhibit TRPM8, we showed that TRPM8 activity is inhibited by dephosphorylation of PIP2 both by a chemically inducible 5-phosphatase and a voltage sensitive 5-phosphatase. To further address the role of PKC, we tested the effects of two PKC activators and inhibitors on menthol-induced TRPM8 currents. The phorbol ester PMA (100 nM) partially inhibited menthol-induced currents in the absence and not in the presence of extracellular Ca2þ. The cell permeable diacylglycerol analogue 1-oleoyl-2-acetyl-sn-glycerol (100 mM) didn't have any effect. Also neither Bisindolylmaleimide VII (1 mM) nor PKC Fragment 19-31 Amide (1 mM) had any effect on current desensitization. Our data support the role of PIP2 depletion, but not that of PKC in TRPM8 desensitization.
591-Pos Board B391
Endogenous Polyhydroxybutyrate (PHB) Regulates TRPM8 Channel Eleonora Zakharian, Evgeny Pavlov, Chike Cao, Tibor Rohacs. The transient receptor potential channel of the melastatin subfamily TRPM8 is the cold and menthol receptor. Our recent findings indicate that functional TRPM8 channel exists in a form of supramolecular complex of protein and two ubiquitous homopolymers inorganic polyphosphate (polyP) and polyhydroxybutyrate (PHB). We have demonstrated before that polyP is involved in regulation of TRPM8 voltage-gating properties and its removal from the complex completely prevented TRPM8 channel activity (Zakharian et al., 2009 ). In the current study we focused on the role of PHB in TRPM8 channel. To evaluate the role of PHB in the channel function we compared ion transporting properties of wild type TRPM8 complex with properties of the complex with enzymatically reduced PHB. Experiments were performed using HEK cells stably expressing TRPM8 protein and the calcium sensitive dye fura-2 as an indicator of channel activity. PHB was reduced by co-expression of PHBdepolymerase (Phaz7, courtesy of Dr. D. Jendrossek). To achieve PHB reduction, the bacterial Phaz7 DNA was cloned into mammalian expression system and transiently transfected into HEK cells stably expressing TRPM8 protein.
Reduction of PHB associated with TRPM8 protein was confirmed by confocal microscopy, using the fluorescent dye Nile Red as an indicator of the level of PHB and by immunohistochemical analysis using PHB-IgG antibodies. We found that co-expression of the PHB depolymerase in HEK cells stably expressing TRPM8 channels significantly inhibited intracellular Ca 2þ signals induced by menthol (~60%, n=9, control n=8). This provides the first functional evidence of the role played by PHB in TRPM8 channel activity. Our findings suggest that association of PHB with TRPM8 complex is essential for normal channel function. Zakharian E, Thyagarajan B, French RJ, Pavlov E, Rohacs T (2009) Membrane fusion and fission events in intracellular trafficking are controlled by both intraluminal Ca 2þ release and phosphoinositide (PIP) signaling. However, the molecular identities of the Ca 2þ release channels and the target proteins of PIPs are elusive. In this paper, by direct patch-clamping of the endolysosomal membrane, we report that PI(3,5)P 2 , an endolysosome-specific PIP, binds and activates endolysosome-localized mucolipin transient receptor potential (TRPML) channels with specificity and potency. Both PI(3,5)P 2 -deficient cells and cells that lack TRPML1 exhibited enlarged endolysosomes/ vacuoles and trafficking defects in the late endocytic pathway. We find that the enlarged vacuole phenotype observed in PI(3,5)P 2 -deficient mouse fibroblasts is suppressed by overexpression of TRPML1. Notably, this PI(3,5)P 2 -dependent regulation of TRPML1 is evolutionarily conserved. In budding yeast, hyperosmotic stress induces Ca 2þ release from the vacuole. In this study, we show that this release requires both PI(3,5)P 2 production and a yeast functional TRPML homologue. We propose that TRPMLs regulate membrane trafficking by transduceing information regarding PI(3,5)P 2 levels into changes in juxtaorganellar Ca 2þ , thereby triggering membrane fusion / fission events.
593-Pos Board B393
Characterization of Yvc1p-Mediated Calcium Flux in S. Cerevisiae Samantha Ho, Justin Hofmann, Lise Thomas. Microbiological life forms have developed multiple ways to maintain homeostasis over a plethora of environmental extremes including osmotic stress. The budding yeast Saccharomyces cerevisiae sequesters most of its Ca 2þ in its central vacuole. In response to a hyperosmotic incident, Ca 2þ is released into the cytoplasm through the TRP channel homologue Yvc1p. We are exploring an in vivo assay of Ca 2þ transport through Yvc1p using expressed aequorin to monitor cytoplasmic Ca 2þ levels (Denis & Cyert, 2002, J Cell Biol 156: 29) . We have started with an initial characterization of the assay. As salt concentration in the shock solution increases, the luminescence response saturates near 2 M NaCl and finally decreases at higher NaCl concentrations. Alkaline pH slows the kinetics of the luminescence response and decreases its magnitude as well. We are currently examining the effect of salt species, non-ionic compounds and environmental temperature on the luminescence response.
594-Pos Board B394
Interaction and Regulation of Calcium Homeostasis by TRPV Channels and SPCA2 in Breast Cancer Brandie M. Cross, Mingye Feng, Jose P. Llongueras, Rajini Rao. Breast cancer is one of the most common forms of cancer in women, causing over 40,000 deaths per year. The major concern with breast cancer is its tendency to metastasize, preferentially, to the brain, bone and other areas of high physiological calcium. Calcium is a vital component of the breast, as mammary tissue has the ability to sequester and compartmentalize such calcium. During lactation, mammary cells are required to concentrate the 2mM blood concentration of milk into the 40-80mM concentration of calcium found in milk. This action requires a highly coordinated group of calcium channels and pumps to seize the calcium into intracellular storage compartments. We have shown in previous studies that SPCA2 is highly upregulated during lactation and tumorigenesis. Additional studies from others have shown that TRP channels are also upregulated in lactation and tumorigenesis. Here we show that this induction is due to the interaction of these two molecular components of calcium homeostasis in breast tissue.
Bacteria & Motile Cells: Signal Transduction
595-Pos Board B395 New Features of Chemotactic Behavior in a Marine Bacterium Tuba Altindal. Using optical trapping we investigated chemotactic response of marine bacterium Vibrio alginolyticus to a brief stimulation by serine. Although this bacterial strain possesses only a single polar flagellum and its motility pattern is different from that of enteric bacteria, such as Escherichia coli (E. coli), the chemotactic response appears suprisingly similar, i.e. both are biphasic. However, in details, the two response functions are different in that the relevant time scales, the short activation and the long adaption times, are shorter in V. alginolyticus than in E. coli, reflecting perhaps different ecosystems these bacteria live. In addition to the overall biphasic response, the response function appears to have fine structures that are sensitive to the exposure time at of the cell to serine, i.e., the amplitude of the fine structures increases with at and reaches a maximum in about 1.5 s, and then the amplitude decreases with longer at. We also investigated V. alginolyticus response to different serine concentrations. Such measurements allow us to conclude that this marine strain is at least a factor of ten more sensitive to low concentration of serine than E. coli. It remains a challenge in future studies to understand how the above measured attributes allow the cells of V. alginolyticus to thrive in an ocean environment.
596-Pos Board B396 Explore the Physical Limits of Eukaryotic Gradient Sensing in a Statistical
Mechanical Approach Bo Hu, Wen Chen, Wouter-Jan Rappel, Herbert Levine. Many eukaryotic cells are able to detect chemical gradients by directly measuring spatial concentration differences. The precision of such gradient sensing is limited by fluctuations in the binding of diffusing particles to specific receptors on the cell surface. Here, we explore the physical limits of the spatial sensing mechanism by modeling the chemotactic cell as an Ising spin chain subject to a spatially varying field. This allows us to derive the remph{maximum likelihood estimators} of the gradient parameters as well as explicit expressions for their asymptotic uncertainties. Our analytical results demonstrate that the accuracy to sense the gradient direction increases dramatically with the cell size. Also, we show that this accuracy can be improved significantly by introducing neighboring receptor cooperativity. Thus, receptor coupling may open the possibility for small bacteria to perform spatial measurements of gradients, as supported by a recent experimental finding.
597-Pos Board B397
Breaking of Time-Reversal Symmetry in Bacterial Chemotaxis Li Xie, Xiao-Lun Wu. Vibrio alginolyticus is a marine bacterium with a single polar flagellum when growing in low viscous liquid media. Recently, we found that they carry out a novel cyclic 3-step motility pattern. In one cycle they swim forward, backward and at the end of the backward swimming they are able to use their flagellum to flick and actively change their cell body orientation. To understand how this novel motility pattern is regulated by V. alginolyticus, we studied their chemotactic response to a sudden increase of the attractant serine concentration. We made use of caged serine, which can be released by UV light in a fraction of second to achieve a sudden change in the serine concentration. We compared their swimming behavior before and after the UV flash. We found that in short time, they treat forward and backward swimming equally, i.e. they extend their current swimming interval regardless of the swimming direction. However, in a long time but before adaptation, cells become gradually forwardly biased. This chemotactic strategy enables the bacteria to swim up the attractant gradient quickly as well as to localize around the top of the gradient to get a maximum nutrient exposure. This perhaps is important in an ocean environment where nutrient are distributed intermittently in space and time.
598-Pos Board B398
On the Role of Src Family Kinases in Cyclic Strain Induced Cell Reorientation Verena Niediek, Simone Born, Norbert Kirchgessner, Bernd Hoffmann, Rudolf Merkel. Many cells recognize mechanical signals from their environment which is of vital importance for multicellular organisms. Cyclic stretch is a prominent mechanical signal experienced by various cell types around blood vessels, within the lung epithelia or around the intestine. In response to this signal, some cells reorient their actin cytoskeleton and main cell axis almost perpendicular to the direction of stretch. Despite the vital necessity of cellular adaptation to cyclic stretch, only incomplete ideas exist about the underlying mechanosensoric signal cascade. In this project we cultivated mouse embryonic fibroblasts in flexible cell culture chambers fabricated from silicone where they adhered via focal adhesions (FAs). Cyclic stretching of these chambers during culture provided well-defined mechanical stimuli to the cells. After straining, cells were fixed, stained for F-actin and adjacent micrographs of large areas of the sample were taken. For all cells imaged (some hundreds per chamber) we determined the preferential orientation of the actin fibers by digital image processing. This results in data sets with high statistical significance. Because FAs have been shown to be strongly influenced by the Src-family kinases and have been furthermore implied in mechanosensing we examined the influence of Src-family kinase knockout on cellular reorientation upon cyclic stretch. We found that lacking phosphorylation leads to strongly diminished cellular reorientation.
599-Pos Board B399 Molecular Sieving Properties of the Cytoplasm of Escherichia Coli and
Consequences of Osmotic Stress Jacek T. Mika. We determined the diffusion coefficients (D) of (macro)molecules of different sizes (from approximately 0.5 to 600 kDa) in the cytoplasm of live Escherichia coli cells under normal osmotic conditions and osmotic upshift. D values decreased with increasing molecular weight of the molecules. Upon osmotic upshift, the decrease in D of NBD-glucose was much smaller than that of macromolecules. Barriers for diffusion were found in osmotically challenged cells only for GFP and larger proteins. These barriers are likely formed by the nucleoid and crowding of the cytoplasm. The cytoplasm of E. coli appears as a meshwork allowing the free passage of small molecules while restricting the diffusion of bigger ones.
Muscle Regulation I 600-Pos Board B400 FHC-Linked Myosin Regulatory Light Chain Mutations A13T and K104E Do Not Generate Major Structural Changes Sufficient to Affect Binding of Myosin to Actin Wenrui Huang, Priya Muthu, Katarzyna Kazmierczak, Danuta Szczesna-Cordary. A sarcomere, the essential unit of cardiac muscle, consists of myosin, actin, troponin and tropomyosin. The interaction among these proteins generates muscle contraction. The myosin Regulatory Light Chain (RLC) attaches to the myosin heavy chain (MHC) IQ motif and structurally supports the lever arm domain, known to propagate minute conformational changes between the actin and myosin filaments. Mutations in the RLC may therefore cause alterations in the lever arm structure, thus leading to cardiac dysfunction. Here, we investigated two Familial Hypertrophic Cardiomyopathy (FHC) mutations in RLC, A13T (alanine to threonine) and K104E (lysine to glutamate) and hypothesized that these RLC mutants may lead to cardiomyopathy by changing the lever arm structure, the interaction with the MHC and ultimately impairment of the binding of myosin to actin. To test our hypothesis, I performed the following experiments: 1) Titration of the RLC-depleted porcine myosin with different concentrations of recombinant human cardiac RLC wild-type (WT) and A13T and K104E mutants to study the RLC-MHC binding properties (affinity, kinetics); 2) Study of the actin-myosin interaction by fluorescence and light scattering measurements. My preliminary data shows that the WT-RLC displays a clearly cooperative binding to the MHC, however, a reduction in cooperativity was observed in both mutants. In parallel, the binding affinity of A13T 110a Sunday, March 6, 2011 
